chondral injuries. The presence of the blood and blood-related factors originating from the fracture hematoma formed by the separation of the bone fragment from the subchondral surface creates differences in the repair process. Fibroblasts and collagen fıbrils appear in the hemorrhagic fluid during the first few days following injury.1 In 2 weeks, metaplasia of the mesenchymal cells to chondrocytes continues with extracellular matrix secretion, and at 6 months, the repair process is complete.3-4 But the effectiveness of this inflammatory response depends on the applied treatment. Also, the quality and the structure of the healed tissue differ due to the treatment modality.
In this study, we analyzed this repair process in patients who had acute osteochondral fractures and had surgical fıxation providing joint surface congruity. We have assessed the histopathologic features of the chondral fusion tissues. The aim of this study was to highlight the biologic and biomechanical properties of this tissue.
METHODS
Betvveen 1986 and 1996, 13 acute and isolated osteochondral fracture cases were treated in the first week following injury with internal fixation at the Department of Orthopedics and Traumatology, University of Ankara School of Medicine Ibn-I Sina Hospital. The study includes only patients who had osteochondral fractures with sufficient size of chondral surface to allow rigid internal fixation. Patients with osteochondral fractures too small for fixation or with fragments having the overlying cartilage frayed, and patients with associated injuries were eliminated from the study.
The mean age of the patients at the time of injury was 17 years (range 9 to 24 years); there were 7 female and 6 male patients. Sports-related activity was the mechanism of injury in 9 cases. Of these, 2 experienced rotational trauma while dancing and turning around on l foot. None of these patients participated in professional sports activities. Four played soccer for recreational purposes. Osteochondral fractures developed in a traffic accident in l case and during daily living activities in 3 cases. in ali of these cases, the reason for application to the hospital was hemarthrosis and limitation of motion of the knee following the trauma. Localization of the fractures is presented in Table 1 .
The average time between clinical and radiological diagnosis and surgery was 2.7 days (range, l to 6 days). Owing to the size of the fragment, conventional radiographs were able to show the osteochondral fractures. The surgical procedure was performed by the same author (M.S.B.) via arthrotomy in 10 patients and arthroscopically in 3.
The surgical procedure started with observation of the intra-articular injuries after draining the hematoma. Then, determination of the size of the osteochondral fracture and its localization was made. Following the debridement of the hematoma and the debris over the fracture site, anatomic reduction of the fragment under direct visualization was performed. We chose different fixation materials for stable fixation. To avoid any rigorous damage to the epiphyseal cartilage and to be minimally invasive, Kwires were used for the youngest case with patellar involvement (Figs 1-5 ), vvhereas Herbert screws were used for the other 3 patellar-localized lesions (Figs 6 and 7) , and AO/ASIF mini cancellous screws for the 9 patients with femoral condyle involvement . Cannulated AO/ASIF mini cancellous screws were used in the arthroscopically treated cases. Surgery was terminated önce the decision was made that fixation was stable enough and there was no unstable cartilage structure.
The same postoperative protocol was used for the whole study group, consisting of cryotherapy, an intra-articular hemovac drain for 24 hours, continuous passive motion while hospitalized, and a functional hinged knee brace. Early range of motion was encouraged in all patients. The initiation of range of motion exercises aims at proper nutrition of the articular cartilage as well as restoration of a normal arc of motion. Weight bearing was not allowed for the first 6 postoperative weeks; during this time, crutches were used.
Gradual weight bearing was allowed for the following 4 weeks depending on the fusion status of the fracture. After this time, full weight bearing was allowed.
Progressive muscular strengthening was recommended for ali patients. For the first 2 weeks passive assisted exercises and, thereafter, active exercises were applied. in the arthroscopically treated group, these exercises could be started much earlier and, after these, aggressive active strengthening exercises were continued. Patients were allowed to return to sports at 6 months. During follow-up, patients were given a questionnaire that evaluated the efficacy of the procedure and a Lysholm knee score was used to assess the results. Any abnormal clinical findings, complaints, and documented quadriceps atrophy were recorded. At 6 weeks, and at 3, 6, and 12 months, radiographs were taken. in addition to anteroposterior and lateral views, an axial patellar view was routinely used for the investigation of the lateral femoral condyle and the articular surface of the patella, whereas a preoperative investigation consists of the 4 views (anteroposterior, lateral, axial patellar, and tunnel views). Any increase in the density of the subchondral bone, any irregularity in the articular surface or bony defects, and any visible fragmentation with total or partial detachment were looked for by comparing the follow-up radio-graphs.
RESULTS
The average clinical and radiologic followup time was 6.3 years (range, 3 to 13 years). in evaluating the functional status of the patients with a questionnaire, we received the answers "I can do nearly everything I want to with my joint" from 8 patients, and "I am restricted and a lot of things I want to do with my joint are not possible" from 5 patients. The activity level of the patients varied from occasional participation in recreational sports activities for 5, to living a sedentary life for the remaining 8 patients.
On follow-up examinations and at the last control, 9 of the patients had tenderness on palpation at the fracture localization. Only 3 patients had pain during vigorous activities. Of these 3, 2 had the pain localized around the medial joint line and l around medial and lateral joint line. Ten patients had 20 to 40 mL of hydroarthrosis for 8 to 12 weeks postoperatively. The hydroarthrosis disappeared following removal of the fixation material. At the last follow-up controls, 3 of the patients complained of developing hydroarthrosis during aggressive activation.
Restriction in range of motion was observed in none of the cases. Quadriceps muscle atrophy, which developed following the index procedure, continued to exist for 6.5 months (range, 3 to 11 months) in 7 of the cases. Crepitation in the patellofemoral joint was recorded in their last controls of 5 patients. On radiographic examinations, we encountered moderate narrowing of the medial joint line and osteophyte formation in l patient (Fig 11) (case 7) , and flattening in the medial joint line, osteosclerosis, and narrovving in 3 patients.
Tangential radiographs of ali of the patellar localized fracture cases showed patellar joint surface irregularities throughout all the follow-up controls (Figs 4, 5, and 7). in these cases, the fractures had solid fusion and no problems were encountered with weight bearing. in the patient who had fixation with K-wires (case 1), the wire dislocated spontaneously developing a bursa over itself (Fig 3) . We performed a second operation for removal of the wires and excision of the bursa.
All patients were recommended to apply for implant removal and second-look arthroscopy 8 weeks after the initial surgery. Because the procedure was an elective one and had to be arranged around available time away from school and work of the patient, a certain timing protocol could not be achieved. The time between initial surgery and the secondlook procedure ranged between 2 to 12 months except for l patient (case 7) who had undergone the procedure after 10 years of follow-up. The second-look procedure consisted of arthroscopic implant removal and punch biopsy. The 2-mm diameter cylindrical biopsy specimens, including the subchondral bone, were taken from the cartilaginous edge of the osteochondral fracture fragment (Fig 15) .
On the second-look arthroscopic procedures, we observed congruity of the joint surfaces and healed fractures in ali cases. Because of the bony fusion at the subchondral surface, ali fracture lines showed intact smooth surfaces. None of the fragments had instability or separation. Despite congruity of the articular surface, 9 cases revealed softening of the cartilagecartilage junction on examination with a probe. Actually, the junction of the cartilage surfaces in these cases were fibrillated. in 4 of the cases, the junctions had small scattered fissures ör cracks, but were stable.
On histologic examination of these specimens, scarce mature chondrocytes among regenerative stroma, which dyed more eosinophilic man the basophilic chondral stroma and which had a chondrocyte-like appearance, were seen. The underlying bone tissue had irregular proliferation, which is a determinant of the healing process (Fig14). Despite the difference in obtaining time of the biopsies, findings were consistent throughout all the cases, including the latest case (10 years after the initial surgery). After treatment, regeneration of normal hyaline articular cartilage in junctional areas that duplicated the previous original one could not be seen in any of the cases. The clinical results did not correlate with the histologic findings.
An intact cartilage structure of the knee joint has the ability to withstand loads as 5 times the body weight.5 This is why obtaining structural integrity of the joint surfaces is the majör goal of treatment of the osteochondral pathologies. Othenvise, early degenerative changes are inevitable because of the disturbed weight transfer and morphology of the joint surfaces. Osteochondral injuries having fragments larger than 3 mm are reported not to have the possibility of spontaneous healing.6 Relatively large osteochondral separations allow fixation and, if the injury is located at the weight-bearing surfaces, anatomic reduction followed by stable fixation is mandatory.7'8 There stili is no consensus about the relationship between the presence of the fracture at weightbearing localizations and the treatment results.9 '10 Localization and size of the injury, and the age of the patient affect the healing possibility of the osteochondral fractures. Injuries occurring when the epiphyses are still open have a better chance and rate of healing." As age increases, both the possibility and rate of healing decrease.2'12 We have encountered no full separation of the fragments on our postoperative follow-up controls. We relate this result to our patient population, which consists largely of adolescents. The reason for the relatively frequent appearance of the osteochondral fractures in adolescents is the weakness of the calcified zone of the cartilage neighboring the subchondral bone.7
The most frequent site of fracture in our series was the lateral femoral condyle, followed by the patellar chondral surface. As we have stated in our previous studies, the majör predisposing factor for the mentioned injury is the patellofemoral incongruity.7-8 Pathologic lateral displacement of the patella following rotational stresses causes injuries of various severity primarily on the lateral condyle of the femur and then on the joint surface of the patella.7'8 The most severe forms of this kind of injury are those causing osteochondral fractures. The localizations of the injuries in our cases confirm the patellofemoral pathology origin.
The shorter duration of time between injury and the surgery, in patients who are treated surgically, has been reported as l of the factors that contributes to better results.13 For all the cases treated, we aimed to perform the surgical procedure as early as possible, to prevent aggression of the injury causing further chronic chondral injury.
Whatever the fixation method is, early motion is essential for recovery in osteochondral fractures. Early passive motion induces chondroitin sulfate secretion, which helps form a better matrix. it has been stated that a smooth chondral surface is only possible by application of early motion.14"16 We believe the lack of restriction in range of motion of cases depends on meticulous care shown for this principle.
Even after an appropriate treatment protocol despite the union on bony surfaces, chondral junctions only heal partially if at all.23'17 Inability to obtain regular hyaline cartilage at union zones depends on lack of high organi-zation levels of the collagen at these areas.18 Chondral union being limited to only fibrous union in some cases is shown to be possible with higher quality tissues.19"21 Despite the fact that this tissue obtained from the cartilage-cartilage junction is inferior to normal hyaline cartilage mechanically, chemically, and structurally, and is 2 to 3 times weaker, second-look procedure examinations showed us that this tissue could still provide stability to the fragment, and these inferior properties cannot be referred to the quality of the tissue in the center of the fragment.2'11 Although the junctional cartilage does not have the same properties with the hyaline cartilage, we have seen that stability of the fragment is the most important factor in obtaining satisfactory clinical results. The evidence that the clinical results vary considerably among cases can be attributed to the variation of treatment types.
The presence of even a small piece of cancellous bone enhances results of treatment of osteochondral fractures involving wide cartilaginous surfaces. This is why it is wise to make use of the chance of healing provided by the blood and bloodrelated factors. By the help of stable fıxation, it is possible to save wide areas of joint surface.
Neither after application of various treatment modalities, nor after the progression of the fractures to chronic cartilage pathologies, is it possible to gain original joint surface configuration. in this study, we have seen that, despite the protected joint surface congruence, restoration of the hyaline cartilage at the chondral junctions could not be obtained. We believe that, beside factors that may be able to enhance chondral healing (which we currently researching), internal fixation seems stili to be öne of the most effective treatment methods.
